Comment on "Impurity states and the absence 
of quasiparticle localization 
in disordered wave superconductors" 

In a recent Letter [|] Balatsky and Salkola made their 
conclusion about the absence of localization in disor- 
dered d— wave superconductors exploiting the idea that 
strongly overlapping impurity states formed a network 
capable to provide the transport. We present here the 
correct estimate of hopping matrix elements Vij between 
two impurities which were the basic quantity for the sub- 
sequent consideration in [Q. These elements were given 
by Vij (X ^^^(r) with the electron Green function ^^^(r) — 
J d^ke'^'^k/i^l + where = k^/2m - sp and 

A(iy9) = Aocos2(p is the d— wave superconducting order 
parameter. Performing the ^^-integration we get 


distances and far away from node) while at a > 1 the 
latter term clearly dominates. This is also confirmed by 
the numerical calculations. 

Hence, apart from the screened contribution to Vij use- 
less for the localization problem, at large distances r > 
we have the unscreened power-law one for all directions 
of Lpr- This contribution can be written in the form 
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Assuming that ^ 1 and ipr is measured from the node 
and small, one can expand the exponents in (1). After 

rescaling the variable 


= 'P 


^kpr it yields 
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where we extrapolate the angular dependences and utilize 
the 7r/2-periodicity of Eq. (1). Therefore, we conclude, 
that the picture of the impurity-impurity potential act- 
ing only within the slowly broadening tails claimed by 
Balatsky and Salkola as well as all the physical conse- 
quences of this picture appear to be incorrect; however, 
we still remain under the governing of Anderson's theo- 
rem about the absence of localization. The situation is 
changed, if we would take into account the pair-breaking 
role of impurities. For the estimates, one can incorporate 
this phenomenon adding the damping 7^-term into the 
denominator of function G'°(k). As a result, v/-^'' also 
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ig^kprj f y^r/^i,iprCQkF/4^ \ , (2) acquircs the exponential anisotropic factor of the form 


with f{a,x) ~ J d(l)exp{—i(j)'^ — a\(j) — ax\) and = 
vf/Aq. The distance enters Eq. (2) as the ratio r/^i 
with the "nodal" coherence length = ■^kp^.o- This 
scale and its energy counterpart loq — vf/£,i arose previ- 
ously in different problems related to the d— wave super- 
conductivity The above integral can be reduced to 
the form 


f{a,x) = 
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where F{Z) = Erfc(Z). At \Z\ = Oy/x'^ -f 1/4 < 1 
one has f{a,x) — 2ypKe~^'^l^ which corresponds to the 
absence of superconducting screening near the nodes at 
small distances. If |Z| 3> 1, the value of F{Z) depends 
on the sign of ReZ. One can represent f{a,x) for this 
case in the form / /"^^^ + f^^\ where 


„ -'"/Kvr-)^ Pqj. instance, along the nodes l{ipr) — I, where 
I ^ vf/j IS the mean free path of the electron. 
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Balatsky and Salkola determined the angular range of 
unscreened impurity-impurity potential by matching the 
above expressions /(i)(a,x = 0) and /(2)(a,a;). In fact, 
these are two additive contributions from generally dif- 
ferent domains of integration in (2), (/> ~ ax and ~ 0, 
respectively. The condition (/> ~ aa; is equivalent to the 
one iy9 ~ (^r, which justifies our usage of expansions for 
all \ipr \ ^ 1. We see that the exponential term /'^^ may 
exceed /^^^ only at a <C 1 <C a\x\ (i.e. at relatively small 
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